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INTRODUCTION 


The purpose of this study was to investigate quantitativaly the dis~ 


tributions of stock of scveral different wheats to and from each milling 
machine on ea production scale flour mill. The quantitative part of the 
study measured the flow rata of stock at every point in the mill. Some 
factors normally assoclated with the qualitative evaluation of flour and 
the milling process were necessary to complement the quantitative study, 
The qualitative portion of such a study must consider weight and such 
quality actors as ash and protein. 
Farrell and Ward (10) pointed out the lack of such information and 


also noted its uses “"1) to improve quality or yields or both; 2) to select 


or adapt oifter screen openings better suited to the machines that process 
one or more particular streams; 3) to dasign the flew diagram for new flour 


mills; 4) to predict in pounds per minute how much each pneumatic lift must 
carry in the desien of pneumatic lifts." Hence the importance of the quan« 
titative aspect of this. study. 

In the production of white flour for baked products the ash content 
of the flour has long been used ag one of several standards cf quality. 


= 


Ash can be defined as mainly inorganic matter which remains after a sample 
has beon incinerated at 550°C, for 10 hours. The ash is knowm to be more 
chxcadt Baten in the outer covering or bran and germ of the wheat kernel 
than in the sterchy endosperm. Sinca the major concern in the milling of 
neat inte white flour is the clean separation of-the low ash endosperm 
from the high ash bran and germ, the. efficienc sy of the separation can be 
- 


judged approximately from the ash content of the flour produced. In laying 
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fted to both. 


The cutermost layer of the 


the pigmer 


ss@ structures. Senti and Maclay (36) de 
ts of the bran with the losperm. 
esents four to six percent of the total (4) 
utermost covering of the kernel and can be 
2 layers. Just inside the pericarp end 
cost which encompasses the embryo and endos~ 
nt strand in the crease. The pigment strand 
e along the crease with the latter being the 
pidexmis. The nucellar epidermis is & single 
sed between the seed coat end the endosperm 
@ endospez is composed of thick walled cella 


which contain no eluten ox tarch. These cells are the aleurone layer of 
the endcosvera. Rran, as the term ts used in flour milling, includes the 
aleurone layer and all that is outside of it (24). Thus there is no dis- 
tinct cleavage line between the remaining endospern, the-slevrone and the 
bran, The remaining endosperm without the aleurone is often referred to 
as starchy endosperm, and is made up of calls containing starch granules 

embedded in proteinaceous material. The endosperm usually accounts for 


approximately &3 to 86 percent 
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separation of low ach flour from the high ash bran. When first discovered, 
ash differences were usad to guide milling process control, Soon flour 
ash was used in pricing flour and its importance got out of proportion 


to ito valve in estimating flour baking quality. It has since been shown 


~~, 


(19, 30) that baking quality of flour is not necessarily indicated by its 
ach content. Ash is stili,hewever, a valueble tool to the miller in his 
own mill in moasuring the efficiency of the separation of the endosperm 
from the bran. 

Shuey (37) gave as “yardsticks for measuring milling ialues6= wheats, 
and their milling cha aracteristics" flour yield, both patent and tetal flour, 
the milling rate of the wheat, the temper required, both as to time and 
amount, and the ash of the flour. The factors influencing flour ash were 
divided into three main classes, environmental influences, hereditary in- 


wo of these can be controlled 


ct 


, —-. 1.- < am, . 5512, £6 
fluences, and physical treatment... The first 


by the miller only by selective purchasing. The third however can essentially 


ar} 


be contrelled by the miller, It was subdivided into handling and storage o 
wheat, cleaning, tempering or conditioning, and milling of wheat. Robbins 
(31) gave a somawhst similar set of factors effecting ash in flour 

A fiour mill is a continuous integration of many operations to obtain 
@ common goal, the production of the largest possible quantity of white 
flour suitable to the consumer's needs, from the smal est possible quantity 


of wheat. Bouskill (3) divided the actual milling process into five opera 
tions, broaking, grading, purifyiag, reducing, and dressing or bolting the 
endosperm, The conditioning and treatment of the wheat prior to mii ling 


must also be taken into account when considering the overall performance 
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the use of sranulation curves and their use in controlling and balancing 
awili, He stated that once it is determined that the mill is in balance 


erly the g anulation curve should remain constant from 


\ 
. . 


and operating prop 

ay to day. Rozsa (33) stated further Fehet the curves should be uged to 
indicate chenges in roll corrugations (worn corrugations), roll settings, 
eifter efficiency, wheat temper, general milling condition of the wheat, 


and henes the balance of the mill. 


wheat flour mill from which the data he used were taken. The data were 


first published by Hodges (15, 16, 17}. Hodges gave the weight, in pounds, 


a 


£ every strean in the mill. Each stream was elso given as a percent of 
the section from which it originated. Rozsa (32) gave a tabled analysis 


pment throughout the mill as well 


of the disposition of the milling equip 


application ef the ‘granulation curve! may be useful 
in reviewing the operation of a flour mill." In so doing he presented the 
granulation curves of all the breaks and nearly all of the reductions, 
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stock throughout the 
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Kansas State University Pilot Flour Mi11. The weight of each stream was 

accompanied by the ach and protein of the stream. These analyses help te 
give meaning. to the flow of the mill since not only particle size but also 
the ash of the stock is conpidared when a flow is developed. In the eame 


article they demonstrated one use of the data by giving an example of how 
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The wheat was described as hard red winter but the analyses were not given 


for all the streams. 
Jurkow (18) studied sifter performance in a hard wheat flour mill which 


‘milled 5557 pounds per hour of hard wheat, The wel 


ghts of the streams leav- 


ing each sifter in the mill were given in pounds per hour and as 2 percer 
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of the wheat sent to first break. Since the study was concerned only wit 
the physical separations made by the sifters no chemical analyses wera made. 
Gehle (13) described a method of designing pneumatic conveying systems 


ate 


by expressing the weight of each stream in the mill as a percent of st 


necessary conveying capacity and hence power consumption. 


MEEHODS AND MATERIALS 


Nine saxgles of wheat from four classes were milled in this study. 
Five of the samples were hard red winter wheats, two were hard red epring 


wheats, one ws3 a sof EG. 
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Each 
sewple came from en area of the United States in which its class of wheat 
is commonly grown (fable 1). Hereafter each sanple will be referred to 


by the abbreviated names which appear 


fs 


n parenthesis in Table 1. 
Of the two hard red spring wheats, one was relatively high in protein 
content and the other was low in protein. For this reason they have been 


refexred to as hard red spring low protein and hard red spring hish protein 


hout this study. The soft white wheat was the well known Gaines 
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veriety end so was referred to as Gaines for this work, The hard red wine 


heats were made up of one low pretein wheat, one high protein wheat, 
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Scott (35) discussed the comparativa granulation of stock ground from 
hard and soft wheats. In eo doing it was convenient to consider the initial 
breaks and the tailend breaks separately. Scott (35) stated that “At nore 
mal milling moisture values, the release with equal roll settings is usually 


higher on the first and second break rolls for soft wheats than for hard." 
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Granulation curves were presented to verify this break release differs 
between No. 3 Manitoba (hard) end Russian (soft) wheat. "On the later 
breeak rolls the release from soft weak grain is usually low bacause of 


<9 


the skin is tough and ree 


4d 
3 
7 
re) 


the relatively high initial release and be 
mains in large fragments to which the endosperm adheres tenaciously. For 


the reverse reasons the release from strong dry brittleeskinned wheats ar 


3 
< 


Miller (26) gave a comprehensive verbal deseripticn of the stock 
throughout a flour mill of undisclosed capacity. Diagrams of each sifter 
and purifier section gave the flow rate and analyses of most of the streans. 
The wheat was described as hard red winter but the ana eees were not given 

Jurkow (18) studied sifter performance in a hard wheat flour mill 

anaes milled 5557 pounds per hour of hard wheat. The weights of the 
streams leaving each sifter in the mill were given in pounds per hour and 
' @8 @ percent of the wheat sent to first break. Since the study was cons 
cerned only with the physical separations made by the sifters no chenleal 
analyses weve made. 


ahle (13) described a method of designing pneumatic conveying systems 


by expressing the weight of each stream in the mill as ae percent of stock 
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end soft wheats. The scala feeder was adjusted to deliver a constant flow 
of 60 bushels per hour to the conditioner, The tempering water was added 
in one metered stream as the wheat entered the conditloner. Tha water and 
the wheat were both at room temperature, 

The moisture of the wheat flowing to the scale feeder was determine 
using a Fag Heappenstal moisture tested (7). Using this moisture es the 

+) 


untempcred wheat moisture, the neceasary amount of water for tempering to 


the desired moisture level was calculated using the following forwula: 


My = percent moisture in the untempered wheat 
My = percent moisture desired in tempered wheat 
< 

Ry = flow rate of untemps red wheat 

X «= flow rate of water to be adcad 

fhe tempered wheat was held in the tempering bins for 20 hours prior 
to millins. 

Upon milling, the tempered wheat was drawn from all eight tempering 


bins sinultaneously. This was done to insure that a uniform blend of 


tempered whest was sent to the mill. 
The Wheat to Pre«brea 


The blended and tempered wheat was sent through a brush machine as it 
came from the tempering bins. — the brus 
matically conveyed to an automatic dump scale on the top floor of the flour 


mili, Thre dump scale was set toe release 60 pounds per dump. A counter 
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of 200 weights of flour per 24 hours on hard wheats. Although this is sconce 

what small in comarison to most present commercial flour mills, special 

care was taken in the use and allocation of the available equipment so 

that the pilot flour sy could siswlate most performance by ordinary com 
mereisal plants. The ash of the straight grade flour from the pilot mill 

is usually lower at a corresponding yield than is common in most commercial 

plants. Otherwise flour production and its by~products are most. often acw 

cepted as analogous to those from larger mills, 

Conveying of stock through the mill is entirely by pneumatics and 
gravity to the milling equipment distributed over four and one half floors 
The temperature and relative humidity within the milling rooms was con= 
trolled automatically. The temperature was maintained at 80 4. 5 degrees 
Fahrenheit end tho relative huuldity was held at approximately 70 parcent 

The flow diagrams of the pilot mill as it appeared whe h sanple 


was milled appear as follows: H&SeL, Plate Z; HRS-H, Plate IZ; Gaines, 
Plate Ili; SHY, Plate IV; HE, Plate V. The flow rates in pounds per 
hour strean in tha mill appear near the represented strean on the flew sheet 
for each of the wheats. 

Frior to this study the pilot mill was flowed solely for milling hard 
wheats. While attempting to keep the changes in the flow to a minimum, it 
was necessary to make certain changes in sifter clothing. These changes were 


of warmup millings on the herd red 
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All the corrugated rolls (break rolls except preebreak) in the pilot 
mili ran with a 2-1/2 to 1 differential. The corru 
the flow sheets (Plates I, IX, Ii, IV, and V) ware the sene throughout 


this study. All the smooth rolls in the pilot mill ran at 11/2 to 1 dif- 


ferential with the exception of 2Q and iT which ran at 1.2 to 1 differential. 
The measured roll: speeds of all tha roils are given in Table 4. 


The amount of milling equipment used (rolls, sifters, and purifiers) 


appears fin Tables 4 and 5, 
The Break System 


The break grinding system of the pllct flour mill is made up of eight 
rolls divided into a preebreak using smooth rolls, and five breaks 


with corrugated rolls. Two pairs of rolls, one pair grinding coarse stock 


break, A separate duster was used on bran and one for shorts to complete 
the extraction of endosperm from bran. 

The preebreak rolls were adjusted so that the kernels were just cracked 
along the crease. There was no attempt to release any endosperm from the 
kexnel. The pra~break rolls are used only to prepare the kernel so that 

he first break rolls are able to release cleaner middlinga. 

The remainder of the breaks were adjusted by the use of a laboratory 
siiter to determine the break release btained. The break rolls were set 
from heed to tail of the mill, by adjusting either end of the rolls until 


they were grinding uniformly along their entire length. Then if necessaz: 
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release was determined by sifting a 100 gram sample for 39 sec 


20 Tf -sieve. The overs of the sieve were waig 
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sizings. There was no attempt in either siging section to produce any 


ou 


ey 


¢ 


Ox 


pa 
62d Sar 


Bap eh 


OU 
pur 


3 
Eh. 
oe £Ne 


tide 


3 
te ee 
‘ AS) 


ia 
rea 


b 


at 


D) 
$ 
ty 
/ 


2 


e 


SLein 


wy ha Cr o> 


a 


ead Tate) 
ee 


Co 


‘ 
el 
BR 


= 


et 
£5 

: 
i 


dD € 


ee 


2 


Pac 
3 A Ie ec> 
& Ct COSLigs 


1557 


be 7 
tad 


AIA 
aj es 


2 


enj 


a 
4 
i) 
2 
t 
3 
é 


mil 


> 
3 


roi 


Ey 
» 


iad 


% 
oe 
aad 


« > 
firet tail 
cove Ci be 9 ce 


de 


* 
2 


£ 


me 
ha G2 


a 


& 


2 35 
se) 


2 
ai 


” ” 
tide 


by t¢ 


bl ge 
as 


2) 


Ke 
G 
ot 


faq 


RS 
Sed net Se Tee Se 


4 
i 


et 


me iy 


x 


A fade 
(Ser 
ws Se be 


Fates 
ee 


a 
se 


et 


ted 


gate» 
a 


djus 


a-all a 


pag 
me 


Pa) 


raat vey Ss 4 
eee sfon bh 


> 
ae 


7 


ge 1} 


sly G1 


23 


9Kavio: 


i 
ce) 
a 
O 
ta 


2 


2 
& oT 


33 


minimum in the break system by leaving the break eifters unchanged with 
the exception of the first, second, third break redust elfter where 10xx 
flour cleths were edded to the three l2xx flour cloths which were always 
sed for milling hard wheat. 

After the SRY wheat was milled, analysis of the data indicated that 
too much flour had tafied over the flour cloths of the reduction sifters 
end ended up in red dog. To correct this situation when Gaines was milled 
the third end fourth midds fiour cloths ware coarsened (Fig. 1). Tt was 
found that the coarser cloths in the 3M and 4M sifters were not detrimental 
to hard wheat millins and se they were left coarser when milling the ree 
theats (all the hard wheats except HiWeL and HiWell),. 
ter surface by system Is given in Table 4. 

The purification system was made up of seven purifiers. The distri- 
bution of the available purifiers is cham in Table 5, The purifiers ree 
mained unchansed throughout the tests except that the air flow was varied 


in ean ettempt to keep the mill as nearly the same balance as possible, As 
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The mill was started and allowed to rua until tempered wheat had spread 


shout the mill. The rells and purifiers were then adjusted in the man» 
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The bran stream was sempled for five minutes three times each hour, 
The rest' of the bran was run into a hopper scale where the total woight 
was recorded. The sacked samplee were later blended in a horizontal batch 
mixer and sanpled for analysis. 

The entire mill was sampled during the nilling of HRS, HRSeL, Galnes 
end SRW. Only flour and millficed streams were sampled for wel 
duxing the milling of the hard red winter wheats. The stream welghts and 


analyses already reported (10) from the pilot mill ware used in this study 


Methods of Analysis of Streans and Wheat 


The moisture, ash, and protein of each sample were determined by pro- 
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cedures 44-15, O8e11, and 4611, respectively, in “Cereal Laboratory Mothods™ 
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The 1000 kernel weight wos obtained by the use of an electronic seed 
counter to determine the number of kernelea in a 40 gram sample, The count 
per 40 grams was then used to calculate the weight per 1000 kernela. - 


The pearling values were determined by pearling a 20 gran sample in a 
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Strong~Seccott barley pearling machine for 60 seconds. The pearled sample 
was then removed and sifted over a 20 wire sieve in eae Smico laboratory sifter 
for 30 seconds. The portion of the samples remaining above the 20 wire was 


then weighed and recorded as a percent of the 20 gran sample. 
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of ash as the ordinate). 

When plotted, the cumulative ash of all the component streams of a 
Streight grave flour should remain fairly flat (increasing slightly) until 


thea cumulating percent yie 


Le) 
phe 
Qa 
[> 
ie) 


produced, As the total yie 


oD 
Cr) 


be 


Can 


TRIEETA 
ue We 


2 ¢ 


a 29% 
Pook 


da to 


Sele 


a2 


iis us 


Decl 
es 


& 


VP 
EL 


& 


fa 
= 


4 


A 


Rae] 


& 


Aan 
CLA 


Bre 
bo? 


o£ tl 


gsi 
Vv 
vy 


lis 


° 
} 


Mioatent tae at 
Ges ix (oh ie 


deed ea) 


% 
q 


wn} 


“a 


ds a p2 


4 


ve 
ered 


dem: 


tae fo 
foe 


Gate wee 


oy} 


Is 


> 


en 


jaly 


bea 
ta th 


7 €celat 


- 
3 


level curve) t 


& 


7 
3] 


“a 


a4 
went 


iS 


ha 


ng on t 


¢ 
= 
4 

dy 


mills 


do 
SVE 
Paiesy 


a 
i 


Thay 
a 


_ _ 
EE LE 


ol d 


yee deg 
Br ISLS A, 


“4 


1 ox 


ane, 
tahoe © 


te CS 


per 


iled i 


Te 


ak 
ore y 


oa oy fe 
SS he er 


£ 


ye 
é 


i 


2) 


y publz 


5 
<5 & 
2 ee 


previous. 


a 
Ga 


2 dat 
4 Bete 


: 


Fa 
x 


and £2 


Uss tod 


Ack ee 


at 


fi 
2 ba Tet 


as 
t= 
cre 


fos 


ruler 


na ék 


Yow rmeann 
B85 leans) ai 


Wes 


EE 


Paper. 


oO 


fae set 


+ 
yim 
LE 


ze 
= 


3° 


° 
> do 


of 


ent Faces. 


ow 


4 


con le Sa ele Geka 


cies 


wy A 
Co 


Ya 
aL win ae Ss 


s 
4 


orisi 


he 
- 


ra, 


ESans Cor 


to 
ce 


iz § 


2 


a) 


esate 
Wied 


x. 


ania 
pase 


Z, 


Gz 
2 


PPT ast 
CULves 


s 3 
SOaU 


) 


b 


24 


slat 
ed 


z@ Of tor 


ead 
ey 


Cary 


ped 


he 
5 


ea) 
3 
Lo 


Y TIO? 


rm ea a 


SMP AE AO oe, 
SS OGab aye hi 


“yr Meee 


os 


QouSdUES VY T° 


LIANUOdae iVLOMSsO Ns 


on“ 
wo 


— “a - -~—= 
a7 ge 2 e- 2 

Vict as 
ers cod Pe 

—— 2 

3 Qo 
- 
Pig 
aA 
or 19) 
5a eee 
7 om 
4 


OV 


O 


S 
fe 


PRIS SPY ~ Pepn_our;r 
SOAAND YSB OATIepNUNQ "Fs *Srz 


0Udd 


ORs 


a Oo 
Oe 


O------0 


et STi aa! L [aaa el aa lice Th ae ee Slit ae “Si een Ga 
te) 
rn 


Lira WR aie asa 1 
O 
oS 


ae 
LO 
= 


1S) 
a) 
* 


O 
N. 


£3 


j, 


9 
Sy we De 


Sad 


bhai ang mY 


O43 


De Bt othe eat 


ik 


y 
aha 


Dly 


Vea 


« 


Fes. 
” 


ae 
> ie 


E 


Qa 


the 


£ 


we gas 
Yese © 


fo te oy 
the 


a 


5 
ea 
= 


ined 
3 
ce) 
at 


2 
Ba 50 >, 
a 
oe 


a) 
BG 


flour 


° 
ay Wen 


hy 
Wh te oh 


PSI 


BN 


¢ 


b 


as 


J 
tive 


$ 
ftia Js 


See 


“AO 


z 


si 


“ 


4th COD 


< 


i 
03 
os) 
© 
ee 


ed 


order 


pie) 


te 


Po 
(ae) 


a 
ut 
ai 


on yf fa ray, 
pos dete bu SD 


rere) 


bs Soho Ie ted 


v 


VATA ae 
pysep sale ha 


eh 


+ 


f 
* 


oe) 
af 
Bi} 
3 
£ 
. 


3 fu 


eurmul; 


om 
“eo 


the 


fe 


ya 


23% 


“ 


pk 
2 Us oe oR 


Pp 


ually le 


aig us 


ee? £5 


fe idds b + 
& MLaes SL a) 


or ft 


3 top 


t 
c 


ND 
ae Ot Oe 


eet 
C252 


Lx 


and s 


nth 


« 
Sia sa 
<2 eo 


is s 


£6 


rAbwileee) 
CRESS 


a? 6 
= 


normal. 


h than 


yf 


S) 


af 


4), 


The quantity (as percent of totel products) of sixth widds flour was also 
above average (Fig. 11, end Table 14). This was due to the inefficient 
removal of the soft wheat flour as it was made carlier in the entire mill- 


ing process. Since much of the flour made was not sifted through the 


flour cloths it continued to tail over end move toward the tall of the 


111 where 1¢ eventually ended up at sixth midds and thence in the red dog 
bage 
Some other streams which were out of their normal range of positions 


were fifth midds flour in the SRW (it was high in the list and in quantity 
as was sixth midds flour, though not as radically so) and third midds 

fiour in beh the soft wheats was lower (hicher in ash) in the list than 
usual, This is not easily explained since the material sent to third midds 


was no higher in ash than = other cases. First end second break flours 


were slightly higher in the list (lower in ash) in the soft wheats than 


normal when milling hard wheats. Second break of the SRY was higher in 

the list and lower in ach than when any other wheats were milled. 
Grenulation curves showing particle size vs. percent of the systex 

being plotted were graphed (figs. 3, 4, 5, 6) for the first threa break 


and the break radust section, The curves for first break (Fig. 3) show 
was considerably coarser (low break release) than the rest. This same. 
trait followed that wheet in all the breaks. The seemingly under-adjusted 
breaks were proba! 


bly responsible for the shape of the cumulative esh curve. 


HRS-H rose too rapidly at a relatively low percent of total products, as 


mentioned previously. On the first break sifter (Fig. 3) the SRW was highest 
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The granulation curve of the break redust section would be expected 

to look like that for the hard wheats (straight, up to the flour cloth 

then leveling off sharply) since the flour should already have been renoved, 
The concentration of stock passing over the S4en and the %:x of the break 
redust section is alss shown in the bar graph of the bresk redust section 
(Fig. 9). This was evidently not the case for the soft wheats (SRW yiclde 
ing nearly six times as much brea 


> ak wl £ Tt 7 ik B® wid Lin] Io 
tc radust flour as the HRY. The break 


of the soft wheat flows indicates 


© 
i) 
' 

fle 
oO 
rs 


Elour removed in the break redust sx 
incomotcte sifting in the break sifters. That would account for the bowed 


shape of the soft wheat granulation curves for second and third breaks 


The granulation curves of the £ive breaks were plotted as a percent 


of the wheat sent to the mill (Figs. 7, 8). These curves seem to indicat 


the opposite of the granulation curves based on streana weight as a percent 


of the system. That is, in Figs, 7 aad 8, there is more similarity between 


hard wheats (ER! and RRS). It is suspected that the true granulation curves 
she’ soft wheats are not represented by thesa curves (igs. 3, 4, 5, 6, 
7, 8). What is represented by the curve is the actusl separation of the 
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break sifters on the soft wheats, not what could have been separated, : 
he lowered efficiency of the break sifters on soft wheats is clearly 
evident in the granulation curves ef second and third break (Fig. &). The 
curves for the HRW are straight, up to the flour cloth (12xx, 110 microns), 
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half of the curvs would then have been flintter. 
This being true, the straight line approximation of the granulation 


curve for soft wheats would not be satisfactory. A soft wheat flicw or 


the £ines and overedesigned for handling the coarser break stock. 
Cumulating the overs of.the sieves as was done in pliottin 
lation curves (Pigs. 3, 4, 5, 6, 7, 8) sometimes tends to average out the 


actusl differences in granulation. If for example the percent of stock 


over the first sieve in a stack of gieves is small and the 


and second sieves may then be on the averaze when actually each wes quite 
different. For this reason bar graphs of the overs i acon sieve were 

plotted (Figs. 9, 10, 11, 12) as a percent of the wheat sent to the mill, 
fodulus of fineness and modulus of uniformity are two mathods which 


are often used to describe the granulation characteristics of ground stock 


numarlcally, Modifications of these methods wore used to compute numerical 
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tables show very clearly that less sisings and more fine widdlings and 
flour were produced by the softer wheats than by the hard wheats. Two 
gtaphs (Figs. 13, 14) plotted from the data of Tables 8 and 9 show the 
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The relativa quantities of flour, bran, shorts, red dog and germ for 
each wheat milled are given in Table 17. Extensive physical and chemical 
analysis of each mill feed have been published (11, 43). 

SUMMARY 
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from the HRS wheats was coarser than these from the HAY wheats, the sifte 
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APPENDIX ¢ 


INDIVIDUAL FLOUR STREAM WEIGHTS FROM SEVERAL HARD RED WINTER 
WHEATS, PERCENT OF TOTAL PRODUCTS 
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FLOUR STREAMS, K.S.U, PILOT FLOUR MILL, PERCENT OF TOTAL PRODUCT 


oo e—eE=e=e=E=ESE=Ee=EeEeEeEeEeEeEeEeEeEeEeE=EeEeEeeeEeeeeEeeeeeeeeeeeeeeEeEaSEeaEaEeEeEeEeEeEeEeEEES——————SE—EE™EEOEEENEES 


Wheat Mix 


Flour Stream HRW-L HRW-H HRW Mean 
Pre Bk 2247 231 2226 206 -101 131 
1 Bk 2.697 2.717 2.298 2.283 2.496 2.422 
2 Bk 4.655 4.829 3.341 3.563 3.523 3.869 
3 Bk 4.009 4.183 3.535 3.537 3.911 3.739 
1,2,3 Red 3.116 3.269 2.183 2.097 1.580 2.178 
Cc Siz T 1.571 1.577 1.901 1.863 1.511 1.849 
C Siz B 2121 2124 2129 2135 088 108 
F Siz T 4.440 4.441 4.986 4.847 2.356 2.950 
F Siz B 2658 690 2895 825 - 140 2340 
1 Mids T 5.843 5.859 6.482 6.521 11,809 8.318 
1 Mids B 3.185 3.517 4.235 4.255 2.890 3.914 
2 Mids T 10.840 10.939 9.710 10.072 13.791 11.480 
2 Mids B 3.615 3.591 2.995 3.336 2.499 3.123 
2 Qual -680 - 688 2542 2609 467 693 
4& Bk 1.376 1.301 1.542 1.528 1,805 1.402 
3 Mids 7.838 7.566 7.597 7,806 11.704 10.031 
1 Tails 675 740 2542 815 2856 818 
4& Mids 6.155 6.257 7.869 7.214 5.056 6.473 
Suction 2282 2365 2430 483 2132 2330 
5 Bk 1.507. 1.264 1.318 1.598 2.171 1.501 
5 Mids 4.749 4.789 4.245 4,180 3.347 4.162 
B and SD 2.489 2.056 2.949 2.502 2.543 2.475 


6 Mids 2.242 1.997 2.428 ackiz 2.114 2.304 
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KANSAS STATE UNIVERSITY PILOT FLOUR MILL 
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This study investigated quantitatively the distributions of stock of 
several different wheats to and from each milling machine in ae production 
scale flour mill to collect data that would be useful in evaluating milling 
systems and in designing new mills. One hundred thirteen samples were cole 
lected and analyzed while milling one lot of each class of wheat. 

Nine semplee of wheat from four classes were milled on the Kansas State 
University Pilot Flour Mill. Five of the samples were hard red winter wheats, 
fon were hard red spring wheats, one was a soft red winter, and one was a 
soft white wheat. Each wheat sample was milled in test for 9-12 hours. 

Samples of every stream in the pilot flour mill were collected fer 
five minute periods while the spring wheats or the soft wheats were being 
milled. The samples were weighed and each was analyzed for moisture, ash, 
and protein. Data from a 1964 report! on the milling of hard red winter 
wheats were used here. In this study the individual flour streams and the 
millfeed streams from the five hard red winter wheats were collected and 
analyzed. 

Care was taken to duplicate the temperature and relative humidity of 
the air in the mill when milling each sample. It was necessary to mill the 
soft wheats more slowly and at a lower moisture than the hard wheats. The 
same break release schedule was used for all the wheats. The only change in 
the break system was made in the break vedust sifter section where two 


flour cloths with larger openings than usual were added when milling the 


Ig, P. Farrell and A. B. Ward. Flow rates and analyses for ash and 
protein of all streams in the Kansas State University pilot mill. Associe 
ation of Operative Millers Bul., March, 1964, pp. 284262847. 


soft wheats. Coarser sifter clothing was installed in the third and fourth 
middlings sifters for use when milling Gaines and the two hard red spring 
wheats. The need for this was shown by the results of the milling of soft 
red winter wheat. 

Throughout the mill the distribution of stock from both classes of 
hard wheat milled were similar except that the hard red spring wheat made 
slightly less break flour and more coarse middlings. This indicated that 
the spring wheat was harder to reduce than the winter wheat because of the 
generally stronger nature of the spring wheat endosperm. The break granu- 
lation curves from both classes of hard wheats were fairly straight and 
could be approximated by a straight line for design purposes. 

The soft wheats performed on the mill quite differently than the hard 
wheats. The endosperm of the soft wheats reduced much more easily but 
sifted more slowly than that from either of the hard wheat classes. The 
granulation curves of the break stocks obtained from the soft wheats were 
more concave than those from the hard wheats. A straight line does not 
give a satisfactory approximation of the granulation of ground break stocks 
from soft wheat. 

The cumulative ash curves obtained from the four classes of wheat 
showed no grouping along class lines or between hard and soft wheats. 

The flow weights of the individual flour streams showed consistency 
for a given wheat but varied over a much wider range when comparing one 
wheat with another. The flour stream weights from all the hard red winter 
wheats were used to calculate a mean and standard deviation for the flour 


production of every flour stream in the pilot mill. These data will be of 


value in future tests on the Kansas State University Pilot Flour Mill 
to determine the feasibility of controlling the mill by flour production 


alone. 


